To analyze the wind flow around a wind propeller is important in wind engineering. The wind tunnel experiment has issue of cost and time. Additionally, because the shape of a wind propeller influences energy efficiency, wind tunnel experiments must be performed many times. The finite element method is one of the effective numerical approach to simulate wind propeller. But, it is necessary to generate the finite element mesh. To generate the 3-dimensional finite element mesh is almost impossible by hand. Generating any complicated 3-dimensional mesh automatically is very important. In this study, automatic 3-dimensional mesh generation is performed. Additionally, it is fluid-structure interaction analysis. In the finite element method, it is necessary to consider the moving boundaries. The purpose of this study, to generate the complicated 3-dimensional models and to analyze moving boundary problems. In this study, a re-meshing technique for moving boundaries is introduced, and to generate finite element mesh, the Delaunay method is applied. The character of this method is generating mesh from arbitrary nodal distribution of nodal points.
INTRODUCTION
In recent years, the performance of computer is drastically improved and the technology of the numerical analysis is highly progressed. Therefore, it is possible to carry out the large-scale numerical simulation. The finite element method has been successfully applied to solve a variety of engineering problems. On the other hand, it depends on the finite element mesh ( [4] ). Configurations of computational objects become complicated, so that it is impossible to generate the finite element mesh by hand. Automatical mesh generation is necessary for finite element method. One of the mesh generation techniques, the Delaunay method is effective and efficient [1] [2] [3] .
DELAUNAY METHOD
The Delaunay method is one of the technique to generate the finite element mesh. Tetrahedral elements are generated with the node group which is set arbitrarily in the computational domains. Circumscribed sphere of a tetrahedron generated by the Delaunay method does not include nodes of any other elements as shown in figure 1 . This is a feature of the Delaunay method. Figure 2 shows an example that is not the Delaunay tetrahedron. Using this method, a nearly regular tetrahedral element can be obtained. This geometry is in agreement with the preferable shape for the finite element method.
Creation of a Tetrahedron using a Super Tetrahedron
A tetrahedron is called as the super tetrahedron, if it includes computational domain as shown in figure 3 . A super tetrahedron is useful for the computational domain into the tetrahedra. Sometimes, a super tetrahedron needs to change the size to take in the computational domain. Therefore, computational domain are covered by the tetrahedron. If a node is inserted in the computational domain, it must be in one of the tetrahedron. The first step of the Delaunay method is to divide the super tetrahedron into four tetrahedra by the first node as shown in figure 4 . Basically, repetition is made that one element is divided to four tetrahedra by the inserted node. 
Division of Polyhedron
A node which is called as P is set into the computational domain. If an element which includes the node P is divided into four tetrahedra, the Delaunay condition is not always satisfied. If it is not satisfied, these tetrahedra must be replaced according to the swapping algorithm. Elements which include the node P in the circumscribed sphere of these elements are searched in the first step. Then, a polyhedron is generated with elements which are searched in the second step. If a polyhedron is generated, common sides of elements are removed as represented in figure 5 . Finally, new elements are generated by connecting surfaces of the polyhedron and the node P as shown in figure 6 .
The algorithm of the Delaunay method is as follows. 1. Nodal data are input to the program. 2. The super tetrahedron is set to include a computational domain. 3. A node is inserted and search a tetrahedron in which a circumscribed sphere includes. 4. Generate a polyhedron with using found tetrahedra. 5. Divide a polyhedron into tetrahedra. 6. If all points are inserted then the super tetrahedron is removed, else go to 3. A program of mesh generation is developed according to the above algorithm.
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VIRTUAL NODES
The process of generating a wind propeller model is introduced. There are four processes, which are as follows. The concave face can not be recognized by the Delaunay method. Therefore, inadequate elements are generated on the surface. To clear up these problems, virtual nodes are introduced. Setting virtual nodes on the concave face, inadequate elements are not generated on the surface. After the mesh generation, elements which are composed of virtual nodes are removed. 1. Generate the nodal distribution. 2. Generate the virtual nodes for concave surface. 3. Generate the elements by the Delaunay method. 4. Remove the elements including the virtual nodes. In this study, the rotational mesh which includes the object should be given. Whenever the object is moving, the inner area which has the same boundary as the mesh including the object in immovable mesh must be generated. But, it is difficult to generate the virtual nodes. The distance between the virtual nodes and the others is important for re-meshing. In setting the virtual nodes, a quality of mesh which is removing with virtual nodes is important. From numerical error, an element which has nodes in the same plane could be generated. A node located in the center of distribution 2 is effective for eliminating to generate elements in the same plane. Figures 11 and 12 show the inner area before removing virtual nodes. In figure 11 , there are a number of elements which has very sharp angle. To eliminate the risk, distribution 2 is better than distribution 1.
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MOVING BOUNDARY PROBLEM
In this study, moving boundary problem in the incompressible viscous fluid is analyzed. Algorithm of this process is expressed as follows, where u i and p are velocities and pressure.
1. Input initial mesh and iteration count N. 
Basic Equation
The Navier-Stokes equation is employed as the basic equation, which can be expressed as follows.
(1)
where u i denotes velocity, p is pressure, and ν is dynamic viscosity. The boundary conditions are given in equations (3-6). Equations (4) and (5) mean the slip condition. Figure 13 . Numerical model.
Temporal Discretization
The fractional step method [5] is applied to the incompressible Navier-Stokes equation. Velocity and pressure fields can be solved separately by the fractional method. The Crank-Nicolson method is used for the discretization in time. Continuity equation is expressed implicitly. Equations (1) and (2) are discretized as follows;
(8)
The pressure at the Poisson equation is descrived after obtaining the intermediate velocity. The previous step p n is assumed to be approximate pressure, the pressure of the momentum equation is replaced p n , unknown velocity is replaced with the intermediate velocity. Then, the momentum equation (7) is descrited as follows; (10) (11)
The following equation is obtained by the difference between (7) and (10). 
Spatial Discretization
As the spatial discretization, the finite element method using mixed interpolation method is applied for the basic equation. The bubble function interpolation using the stabilized bubble function for the velocity and the linear interpolation for the pressure are applied.
Bubble function interpolation (13) and linear interpolation: 
NUMERICAL RESULTS
The simulation of flows around a wind propeller in a channel (Ω = (−6.0 × 6.0) × (−6.0 × 6.0) × (−18.0 × 6.0)) is carried out as shown in figure 16 . The total number of nodes and elements are 77,810 and 425,357. In this numerical study, the Reynolds number is 10,000. Time increment is taken as 0.01. 
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Interpolation of Velocity
After solving velocity and pressure, computational domain is updated. Using the updated mesh, velocity must be interpolated because positions of nodes are different. Not only the mesh updated but also the previous mesh are necessary for the interpolation of velocity. It is necessary to search where the nodes updated were located. The nodes updated must be located inside an element of the previous mesh. Velocities of nodes updated are interpolated by the element of the previous mesh and velocities. Linear interpolation is applied to the velocity. (15) where U p is velocity of the node updated. U mi , Φ mi (i = 1, 4) are velocity and linear basis in the element of the previous mesh.
Rotation Equation
The rotation of a wind propeller is occurred by the lift force. The rotation equation based on the Newton second law is applied to the wind propeller. (20) where θ is rotation angle. Rotation of a wind propeller is described by substituting θ into equation (18).
Re-meshing Technique
Delaunay method is useful and effective for re-meshing. Arbitrary nodes can be added to the existing mesh. This is a key point of reducing the calculating time and computational memory. In the case that the re-meshing is performed, there is immovable area. Generally, the re-meshing area is much smaller than the immovable area. In this study, three kinds of meshes are prepared. The first is a mesh of computational domain, which is an immovable area as shown in figure 18. Second, a mesh which includes a wind propeller is prepared as shown in figure 19 which is a movable area. But, a relation of nodes and elements is unchangeable. Finally, a mesh which links the first and the second meshes is prepared as shown in figure 20 . The third mesh is the most important mesh of the three, which has exterior and θ θ interior boundary. The exterior boundary is the same as the boundary of first mesh. The interior boundary is the same as the boundary of second mesh. The third mesh is updated at each iteration cycle. The first and second meshes are unionized by the third mesh because the third mesh has the same boundaries as the first and second. 
Numerical experiments
The stream lines are represented in figures 23 and 24. 
OBSERVATION RESULTS
CONCLUSION
In this paper, the 3-dimensional mesh generation using the Delaunay method and flow analysis around a wind propeller using the finite element method has been presented. An arbitrary finite element mesh can be generated by the Delaunay method. The virtual nodes method is effective for generating the finite element mesh which has concave faces. The calculation time of generating meshes is reduced by the presented technique of re-meshing. Every iteration cycle, presented technique shortens more than 20 minutes comparing with re-meshing over all domain. Flow analysis based on incompressible Navier-Stokes equation can be analyzed by the finite element method. Even re-meshing is applied, stable pressure and velocity can be computed. The presented scheme is effective for the flow analysis which has moving boundaries.
